Abstract SO(10) GUT models with only small Higgs fields use higher-dimensional operators to generate realistic fermion mass matrices. In particular, a Higgs field in the spinor representation, 16 d H , acquires a weak scale vev. We include the weak vev of the corresponding field 16 u H and investigate its effects based on two successful models, one by Albright and Barr (AB) and another by Babu, Pati and Wilczek (BPW). We find that the BPW model is a particular case within a class of models with identical fermion masses and mixings. In contrast, we expect corrections to the parameters of AB-type models.
in the BPW and AB models, respectively.) With only 16 i 16 j 10 H , the fermion mass matrices would coincide, Both models agree very well with observation and have been studied with increasing sophistication [5] . Thus one might ask if these models are unique or if there are more general classes of models that naturally yield the same fermion masses and mixings. In this letter, we consider all dimension-five operators that can appear with the present fields, namely u is present. We use the mass matrices of the AB and BPW models to study the effects of a non-vanishing contribution from the operator O u on fermion masses and mixings. For simplicity, we restrict ourselves to just the second and third generations.
Hierarchical Models. We start with the case of the BPW model, with only one set of Higgs fields in the spinor representation and small contributions from the dimension-five operators. Let us assume that the contributions of O u,d arise from integrating out heavy 10 fields
10 ], as is the case in the AB and BPW models; we will discuss the general case later. We denote the couplings as
the (22)-couplings are assumed to be sufficiently small so that they can be ignored. In the BPW model, δ 10 ≡ 0 and σ, ǫ, η ∼ 0.1. The mass matrices are given by
where δ u = δ ν = δ 10 . Eqs. (4) are defined in the basis where the SU(2) L -doublets are on the left and the singlets on the right. The matrices coincide with those of the BPW model with (see Eq. (15) in Ref. [3] )
Thus any realization within this class of models can reproduce the fermion mass matrices of the BPW model. In principle, one could set any one of σ, η (i. and h ν in the ratio 8 : 3 [6] . Since δ u = δ ν , we expect this more general class of models to differ from the BPW model but the differences appear in h ν and affect the neutrino masses and mixings only. The atmospheric mixing angle is given by (22) 
with δ u = δ 10 + δ 45 . In the AB model, δ u ≡ 0. Note that the contribution from O u to h u is symmetric, regardless of the family symmetry, because the quark doublet and the up-quark singlet belong to the same SU(5)-representation. In contrast, the down quark and lepton doublets are in different SU(5)-representations than the singlets.
To obtain a viable hierarchy for the up quarks, δ u must be small. Then we obtain
Unlike in the BPW case, we have found an additional parameter in h u , which cannot be absorbed in the original parameters and needs to be included in the fit. On the other hand, this parameter has to be small in order to reproduce the quark masses and mixing. We do not expect significant changes to the neutrino sector, in particular the mixing angle is still dominated by the lopsidedness of h e .
For the hierarchical models, we found that we could set η = 0 and still reproduce the results of the BPW model with δ u ≡ 0 (cf. Eq. (5)). Thus one might consider the case η = 0 for the AB-type models with mass matrices as displayed in Eqs. (7); however, they rely on the lopsidedness of h d and h e . Hence, one could try to mimic these effects with a lopsided matrix h u . A lopsided structure for h u can be generated if we take into account antisymmetric contributions and tune them such that different terms in the mass matrices cancel. We already know that O B−L gives antisymmetric contributions (see Eqs. (4) yields an antisymmetric contribution, δ 120 . If δ 120 = −δ, then
and we get
Compared to Eqs. (7), the factor 2δ 1+4δ 2 must be of order ǫ in order to enable the up quark mass hierarchy. The two solutions are δ ∼ ǫ and δ ∼ 1 ǫ , but if η = 0, we obtain V cb ≃ 4ǫδ 2 1+4δ 2 so that δ ≃ 1. Hence, η = 0 is not a viable case.
With both δ and η non-zero, one should consider what the natural scale for δ is. Since can be much bigger than one, a large value for tan γ d is not unnatural [2] . On the other hand, we expect tan γ u not to be bigger than one so that δ ∼ ǫ ∼ 0.1 is a natural choice. Therefore we do not consider solutions with δ ∼ 1 ǫ ≫ 1. Conclusions. We have shown that the BPW model belongs to a class of models with equivalent fermion masses and mixings; it represents the special case where the operator O u vanishes. If we factor in heavy singlets and heavy fields in the adjoint representation, then O u does not contribute equally to h u and h ν . Therefore we expect deviations from the BPW model in the neutrino sector, which are presumably small. In AB-type models, including O u generically introduces a new parameter in the quark mass matrices which is smaller than the contribution from the operator O d . Unlike the down quarks and leptons, family symmetries cannot generate a lopsided up-quark mass matrix unless we allow for fine-tuning.
We restricted the discussion to the second and third generations only; however, the results apply to the threegenerational case as well.
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